non-pregnant subjects in group A, compared to all the other pregnant subject groups: B, C and D (p<0.05). Furthermore, group B subjects were found to have significantly higher values of IgG and lower levels of IgM compared to groups C and D subjects (p<0.05). Values of IgA were significantly higher (P<0.05) in all pregnant groups compared to the non-pregnant subjects but highest in the GDM (group D) women.During the course of gestation, a graded decrease in the mean values of all three immunoglobulin classes was observed in the healthy
I. Introduction
Suppression of maternal immune response may be one of the factors contributing to continuation of pregnancy, a state in which the foetus exists as a well-tolerated homograft. Studies on serum immunoglobulin levels in pregnancy have shownvarying results (Fischbach, 2009 ). In some, serum IgG levels showed a graded significant decrease in normal pregnancy compared to the non-pregnant population; IgM levels rose in late pregnancy while IgA increased with pregnancy (Benster and Wood, 1970; Khirwadkaret al, 1991) . In other studies, IgG and IgM declined progressively throughout gestation with a tremendous significant decrease between the first and second trimesters and between the second and third trimesters in pregnant women than those of age-matched non-pregnant control subjects, There was also a significant decrease between the second and third trimester groups, however, no statistical difference was observed for IgA levels throughout normal pregnancy (Miller et al., 1984; Ogbimi and Onu, 1989; Arinolaet al, 2006 ).
Yet in some other studies, the mean IgG and IgM levels markedly increased in pregnant women,especially IgG concentration, in the final trimester of pregnancy, which is in association with enhanced IgG transport through the placenta to the fetus during late pregnancy period (NoorAl-Hayani, 2011) .
Comparing immunoglobulins between normal and complicated pregnancies revealed differing outcomes. Marked reduction in IgG and IgA levels have been observed in women with preeclampsia, while IgA levels were similar in both healthy and pre-eclampticgroups (Jillimi, 1978) ; depression of IgG and complement C3 levels in maternal and cord sera of mothers with pregnancy induced hypertension (PIH) was also observed, suggesting decreased immunological status of both mother and offspring in pre-eclampsia, irrespective of gestation and intrauterine growth status (Ramdeneeet al., 1995); Ahsan et al (2009) Studies on haematological parameters including immunoglobulins in pregnancy have been relatively parsimonious, especially in Southeastern Nigeria. However, previous and ongoing studies from our centre have aimed at establishing reference ranges and normative values for various haemorrheological and immunological parameters in children and adults as well as in pregnancy and some pregnancy complications (Okerengwo et This study is particularly aimed at evaluating thelevels of immunoglobulins A, G and M to ascertain changes in apparently healthy pregnancy and in pregnancy complicated with pre-eclampsia and diabetes mellitus amongst Nigerian women resident in Port Harcourt.
II. Subjects and methods

Subjects:
A total of 200female subjectswere randomly recruited from amongst patients attending the ante-natal and general out-patient clinics of a number of primary, secondary and tertiary health care institutions in Port Harcourt, Nigeria. Female staff of these institutions who were non pregnant and apparently healthy were recruited as controls. The subjects were aged between 18 and 40 years and were of various socio-economic classes and ethnic groups resident in southeastern Nigeria. No subject had any other co-existing abnormality and none had previously received any form of blood transfusion.The subjects were divided into 4 groups with each group consisting of 50 subjects: Group A: healthy non-pregnant subjects Group B: healthy pregnant subjects Group C: subjects with pre-eclampsia (PE) and; Group D: subjects with gestational diabetes mellitus (GDM).
Depending on the duration of pregnancy, subjects in groups B, C and D were divided further into three subgroups: first, second and third trimester. For the present study, the first trimester was considered to end at the thirteenth week, the second trimester to end at the twenty-sixth week and the third trimester to end at forty weeks (Amah-Tariahet. al., 2011).
The diagnosis of pre-eclampsia was made on the detection of a blood pressure level exceeding 140/90 mmHgwith proteinuria greater than 0.3 g/24 h after20 weeks' gestation (Brown et al., 2001) .Gestational diabetes was determined according to WHO's (2013) recommendation for the diagnosis of GDM: a 2-hour plasma glucose 8.5-11.0 mmol/l (153 -199 mg/dl) following a 75g oral glucose load or fasting plasma glucose 5.1-6.9 mmol/l (92 -125 mg/dl) or both.The study was approved by our institutional ethics committee and informed consent sought and obtained from each subject prior to recruitment.
Blood collection:
5ml of venous bloodwas carefully collected from an ante-cubital vein with the subject comfortably seated and with minimal stasis. The blood was transferred into anticoagulant free sample bottlesappropriately labelled andallowed to coagulate. The samples were centrifuged,serum obtained and stored at -20 o C until ready for immunoglobulin assay. All assays were done within two weeks of blood collection.
Assay of immunoglobulin levels:
Serum levels of immunoglobulins A, G and M was determined using the immunoturbidimetric assay method with a fully smart automated clinical chemistry analyzer (Biochemical Systems International Srl, Italy), Clindiag system B.V.B.A immunoglobulin reagent kits and immunoglobulins A, G and M kits (Belgium, Germany).
Immunoturbidimetric method:
The principle of immunoturbidimetric method involves determination of immunoglobulin concentration through photometric measurement of immune complexes between antibodies of immunoglobulin and immunoglobulin present in the samples, the absorbency of which is directly proportional to the concentration of the immunoglobulin.
Preparation of reagent was done using the serum start method: the Clindiag reagent components, R1 (100mmol/L Tris butter, 50g/LPEG6000) and R2 (100mmol/L Tris butter, 50g/L PEG 6000, antiimmunoglobulin antibody) were mixed in a ratio of 3:1 to produce a working solution which was dispensed into appropriately labelled reagent bottles and placed in the automated analyser's reagent tray.Diluent bottles were filled with distilled water. Blood samples were subsequently thawed and labelled appropriately.Assay procedure was programmed on fully smart chemistry analyser using multi standard programmes method and test identification was entered for IgA, IgG and IgM. Assay conditions were set accordingly: 340nm and 670nm main wavelength and sub-wavelength respectively, 37°C temperature, cuvette light path of 1.0cm and absorbance range of 0-0.25A. Samples were dispensed into analyser's sample cups using automatic micropipette and placed in appropriate positions in the analyser's sample tray.Calibrations were made at manufacturer's specifications for automated chemistry analyser: IgA-4.5g/L, IgG-26g/L and IgM-2.5g/L.A graph of absorbance versus concentration for each standard was plotted to obtain a standard calibration curve which was used to determine immunoglobulin concentration.
Statistical analysis:
The results obtained were presented in Tables 1 and 2 . All values are presented as mean ± standard deviation. Significant differences in the values of immunoglobulins isotypes between groups were determined using ANOVA. A p<0.05 was considered significant.
III.
Results Table 1 shows the values of the various immunoglobulin types obtained for all subjects involved in the present study.Significant differences were observed in the values between healthy non-pregnant (group A) subjects and healthy pregnant (group B)subjects. For instance, the value of IgG and IgM amongst group A subjects was 3615.92+261.50mg/dl and 238.68+38.38mg/dl respectively, these were found to significantly higher than the corresponding values amongst group B subjects which were: 1529.00+88.11mg/dl and 136.20+23.89mg/dl for IgG and IgM respectively; while values of IgA for group B subjects found to be 130.24+14.0mg/dl was significantly higher than the corresponding value amongst group A subjects found to be 119.76+16.794mg/dl (p<0.05).Noteworthy is the observation that the values of both IgG and IgM were significantly higher while the values of IgA were significantly lower amongst thenon-pregnant subjects in group A compared to all the other pregnant subject groupsin B, C and D(p<0.05).
For the pregnant women with pre-eclampsia (Group C), whereas the mean IgG and IgM levels decreased significantly (IgG: 1366.67 + 67.26; IgM: 172.67 + 29.19), the change in the mean IgA level was insignificant (P>0.05) when compared to the healthy pregnant group (Group B). Also, significant increase (P<0.05) in IgA mean levels (177.13 + 20.47) were observed in the subjects with GDM (Group D) when compared to both the non-pregnant and the healthy pregnant subjects (Groups A and B).Further, whereasthe mean IgG(1207.06 + 22.51)and IgM(195.40 + 20.67)levelsfor group D wereobserved to be significantly lower (P<0.05) than those of the healthy non-pregnant and healthy pregnant groups (Groups A and B), the mean IgM level was significantly higher than the healthy pregnant subjects (136.20+23.89mg/dl) but lower than the nonpregnant subjects (238.68+38.38mg/dl).Values of these immunoglobulin types are as shown in Table 1 . Table 2a shows the values of immunoglobulin A (IgA) obtained at the various trimesters of pregnancy amongst all the pregnant subjects of groups B, C and D. There was a significant increase (P<0.05) in mean IgA level between the second (192.12+27.30) and third trimester(233.09+13.18) in group C (pre-eclamptic) subjects. Table 2b and Table 2c show values of immunoglobulin G (IgG) and immunoglobulin M (IgM) respectively obtained at the various trimesters of pregnancy amongst all the pregnant subjects of groups B, C and D. A graded decrease in the mean values of all three immunoglobulin classes were observed in the healthy pregnant women (group B) from the 1 st to 3 rd trimester. However, whereas a graded increase in mean IgA and IgM were observed in the pre-eclamptic women between the 2 nd and 3 rd trimesters, their mean IgG showed a reverse graded significant decrease (P<0.05). Further, in the pregnant diabetic (D) group, mean IgG and IgMlevels exhibited contrasting trends across trimesters; whereas IgG decreased in the 2 nd trimester, and then, increased in the 3 rd trimester, IgM increased in the 2 nd trimester and then, decreased in the 3 rd trimester. It is noteworthy that only 4 of the 50 subjects in group D were diagnosed in the first trimester.
IV. Discussion
Usually, pregnancy is associated with certain maternal physiological changes including a well over 10% increase in body weight, 20% increase in blood volume, increased metabolic rates as well as other systemic changes including the immune system (Rhoades and Bell, 2013).Several health conditions including pregnancy and the presence of disease(s) affect the immune system of the individual (Akinpeluet al., 2012). Khirwadkar and Kher, (1991) , reported that for positive outcome of a normal pregnancy, there must be stability and mild suppression of the maternal immune response. The report explained that it is one factor that allows the foetus to exist as a well-tolerated homograft. However, the event of markedly increased or decreased immune responses in pregnancy may result in some forms of complexities (Fischbach, 2009 ). In the submissions of WHO/JUNP(1998), not only is the immune function affected in disease conditions in non-pregnant states but much severe during pregnancy.
Expectedly, the mean levels of the most abundant immunoglobulins, IgG and IgM, were found to be drastically reduced in the normal pregnant subjects when compared to the non-pregnant subjects. IgA, on the other hand, was significantly increased in the normal pregnant group relative to the non-pregnant women. This result has a slight variance from that reported by Arinolaet al (2006) Malek (2013) , proves that during human pregnancy, the maternal immune system is suppressed to allow for protection for the growing placenta and foetus. By this submission, it is clear that for a successful outcome of pregnancy, the sensitivity of the maternal immunity is reduced in order to tolerate the developing allograft. This would also mean that, magnification in the immunoglobulin levels due to the impacts of any possible underlying disease condition may result in immune related complicationsin pregnancy, since the immunoglobulins levels are supposed to be lower in pregnancy. Emerging data on the pathogenesis of pre-eclampsia, a common disorder in pregnancyassociated with high maternal morbidity and mortality and intrauterine fetal growth restriction, has revealed a reduction in the uteroplacental blood flow resulting from the toxic combination of hypoxia, imbalance of angiogenic and antiangiogenic factors, inflammation and deranged immunity (Eilandet al, 2012) . The results of the current study also showed graded significant increases in both IgA and IgM mean levels in preeclampsia, but a significant depression in mean IgG concentration from the 2 nd to 3 rd trimester. Though rare, 1 st trimester preeclamptic subjects were not detected in the present study, this may be due to a delayed registration for antenatal care by pregnant women in our environment. This was similar to the observation by Ahsan et al (2009) . Hence early detection of pre-eclampsia is one of the most important goals in obstetrics in view of its associated complications on the cardiovascular system, respiratory system, liver and kidneys (Al-Jameil, 2014; ReemMustafa et al, 2012).
Diabetes has been reported to have deleterious effects on pregnancy (Georgieff, 2006) .A markedly significant rise (P < 0.05) in mean IgA and IgM, with a concomitant depression in mean IgG was observed in the diabetic subjects as related to the normal pregnant women. This observation is in agreement with other studies where hyperglycaemiachanges antibody production in pregnant women, and that altered levels of plasma glucose may decrease immunoglobulin production (Eduardo et al., 2012) .High levels of IgA may indicate the presence of some form of autoimmune diseases and liver diseases, such as cirrhosis and long-term (chronic) hepatitis or others. Going by this submission, the increase in both IgA and IgM levels in the diabetic subjects may be an indirect response of the immune system to the effects of diabetes on other organs or systems of the body Fischbach (2009).
Immunoglobulin G is the only class of antibody that significantly crosses the human placenta, influenced by maternal level of IgG concentration and maternal age amongst other factors (Palmeiraet al, 2012). Further significant reductions, especially in IgG concentrations in these abnormal pregnancy conditions which has been reported to provide primary immunity in the newborn whose immunity is immature (Bunderset al, 2010; Palmeiraet al, 2012 and Malek, 2013) , as detected in the current study therefore, will be indicative of poorly transferred secondary immunity in the children born to both pregnant diabetic and preeclamptic women. Thus, prompt detection and adequate management of these conditions by way of regular antenatal care would help in preventing any likely consequences due to the changes in the immunoglobulin levels. Tables  Table 1: Values of the various immunoglobulin types obtained forall subjects. All values presented as Mean ± SD; * Values are significantly different compared to Group B subjects; (a) Values are significantly different compared to Group A subjects. 
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